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Abstract
Aim: In this study, we aimed to assess ganglion cell complex (GCC) thickness with spectral domain optical coherence tomography (SD-OCT) and to detect 
changes in retinal layers in eyes with Stargardt macular dystrophy (SMD) and retinitis pigmentosa (RP) patients.
Material and Methods:  Fifty-four eyes of 27 patients with RP and 46 eyes of 23 patients with SMD were enrolled. Each subject underwent a complete 
ophthalmic examination before SD-OCT was obtained. Macular scans were taken with software version 6.0 of the ganglion cell analysis (GCA) algorithm. 
Patients were divided into 3 grades according to photoreceptor layer integrity. GCC thickness was evaluated automatically as the average, minimum and six 
sectors by SD-OCT, and parameters were compared between groups.
Result: The mean age was 41.66±19. 77 years in group 1 (RP patients), and 28.00±10.37 years in group 2 (SMD patients). There were no significant differences 
in mean age, gender distribution, intraocular pressure and spherical equivalent at imaging between the groups (p>0.05). The mean (±SD) GCC thicknesses were 
evaluated and there were no significant differences between the two groups in each segment (Mann-Whitney U, p>0.05), but there were significant differences 
between patients in each grade (Kruskal-Wallis, p<0.05). 
Discussion: This study showed that progressive degeneration and loss of function in the outer retinal layers are accompanied by damage to the inner retinal 
layers in patients with RP and SMD.  However, some of the ganglion cells are protected after photoreceptor cell death, which may point us to the target tissue 
for future treatment modalities.
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Introduction
Hereditary retinal dystrophies (HRD) are genetic diseases that 
occur in childhood or adolescence and cause severe visual loss 
[1]. 
Photoreceptor cell damage, progressive degeneration and loss 
of function in retinal pigment epithelial cells (RPE) are observed 
in bilateral and symmetrical in HRD [2].  
There are many genes responsible for the formation of retinal 
dystrophies: ABCA4, ELOVL41, PROML1, VMD2, peripherin/
RDS, TIMP3 and XLRS. Mutations in these genes result in 
different clinical forms [3]. 
Various diagnostic methods such as visual field tests, 
electroretinography (ERG), electrooculography (EOG), fundus 
fluorescein angiography (FFA), OCT and genetic analysis tests 
are performed after detailed ophthalmic examination of the 
diseases [1]. 
The Cirrus OCT (Carl Zeiss Meditec, Inc., Dublin, CA), two-
dimensional cross-sectional retinal images consisting of 512 
A-lines with axial resolutions of 10 mm can be obtained in 1.28 
s [4]. A-scans per second, pupil dilation is necessary for optimal 
measurement also GCC and other retinal layer thickness. The 
GCC thickness comprises the retinal ganglion cell layer (GCL) 
and inner plexiform layer (IPL), which are directly influenced 
by several potentially blinding eye diseases, such as glaucoma, 
retinitis pigmentosa [4]. 
The aim of this study was to assess GCC thickness in patients 
with RP and SMD and  to investigate whether progressive 
degeneration and loss of function in the outer retinal layers are 
accompanied by damage to the inner retinal layers with retinal 
dystrophy.

Material and Methods
Participants and Patient Groups
This retrospective, comparative study was approved by the 
Ethical Review Committee of Ufuk University and adhered 
to the provisions of the Declaration of Helsinki for research 
involving human subjects. The medical records of 50 patients 
with SMD and RP were enrolled. Informed consent form was 
taken from all patients. Patients were divided into two groups; 
fifty-four eyes of 27 patients with RP group 1 and forty-six eyes 
of 23 patients with SMD group 2. 
 All eyes underwent full ophthalmic evaluation, including best-
corrected visual acuity (BCVA) test, slit lamp examination and 
fundus examination. In all cases, the disease was diagnosed by 
examination findings and confirmed by ERG (to rule out other 
potential dystrophies). Cases with cataract and media opacity, 
which prevent SD-OCT image, retinal edema and serous 
detachment, pigmentary epithelial detachment in SD-OCT, 
glaucoma, spherical equivalent > 6D were excluded. 
After detailed ophthalmic examination, macular scans were 
taken with SD-OCT (Cirrus; Carl Zeiss Meditec, Dublin, CA, USA). 
GCC thickness (GCL and IPL) was measured automatically as 
average (A), minimum (Min), temporal-superior (TS), superior 
(S), nasal-superior (NS), nasal-inferior (NI), inferior (I), temporal-
inferior (TI) segments by SD-OCT, and results were compared 
between groups.
Also, patients were divided into 3 grades according to the study of 
Aizawa et al. [5]; patients with interruption in the photoreceptor 

layer grade 1, patients with abnormal photoreceptor layer 
grade 2 and patients with normal photoreceptor layer grade 3 
and GCC thickness results were compared between 3 grades.
Spectral Domain Optical Coherence Tomography
The image was obtained using an SD-OCT device (Cirrus; Carl 
Zeiss Meditec). Macular scanning (macular cube 512x218) 
was performed through a dilated pupil with the SD-OCT. The 
GCC analysis algorithm was used to automatically measure 
the macular GCA thickness. Software version 6.0 of the GCA 
algorithm (Carl Zeiss Meditec) was used to process the data and 
detect and measure macular GCIPL thickness within a 6x6x2 
mm cube centered on the fovea. The following macular GCIPL 
thickness measurements were analyzed: A, min, and sectorial 
(TS, S, NS, NI, I, TI) [6].
In SD-OCT technology, light from the reference arm interferes 
with light reflected back from the different layers of the retina, 
generating spectral interference fringes. This fringe pattern is 
processed by a high-speed spectrometer, and then undergoes 
transformation to create a reflectivity profile in depth. Two-
dimensional cross-sectional retinal images consisting of 512 
A-lines with axial resolutions of 10 mm can be obtained in 1.28 
s. For GCC measurement scan was centered 1mm temporal to 
the fovea. It covers a 7x7 mm area of the central macula [6]. 
GCC thickness parameters indicate the retinal GCL and IPL in 
the area above the horizontal meridian. The software analyzes 
the values, compares them with the device’s internal normative 
database, and generates a color-coded significance map. An 
instrument provided classification is indicated in a color-coded 
manner: sectors classified as “within normal limits” (p>5%) are 
printed in green, sectors classified as “borderline” (p<5% but 
>1%) in yellow, and sectors classified as “outside normal limits” 
(p<1%) in red.
Statistics
The SPSS 21.0 program package was used for statistical 
analysis. Normal distribution fitting was checked with the 
Kolmogorov-Smirnov test. The Mann-Whitney U-test was used 
to compare the measured GCL parameter values between 
groups, respectively. The Pearson x2 test was used to evaluate 
systemic disease between two groups. The Kruskal-Wallis test 
was used to compare the measured GCL parameter values 
between grades, respectively. P-values of 0.05 or lower were 
considered to indicate statistical significance.

Results
One hundred eyes of 50 participants were examined 
retrospectively. Fifteen of the 27 patients were men and 12 
were women in group 1 and 9 of the 23 patients were men 
and 14 were women in group 2. The mean (±SD) age was 
41.66±19.77 years in group 1 and 28.00±10.37 years in group 
2. The mean (±SD) intraocular pressure (IOP) and BCVA of the 
participated  eyes were 14.22±2.97 mmHg and 0.49±0.34 in 
group 1. The corresponding values in group 2 were 13.97±3.63 
mmHg and 0.31±0.26, respectively. There was no significant 
difference between the groups for age, gender distribution, 
intraocular pressure and refraction (p>0.05). Demographic and 
ophthalmic examination data of the participants are shown in 
Table 1.
One of the 27 patients had hypertension, 1 of the 27 patients 
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had diabetes mellitus and 4 of the 27 patients had hypertension 
and diabetes mellitus together in group 1. On the other hand, 
1 of the 23 patients had hypertension, 1 of the 23 patients 
had diabetes mellitus in group 2. There were no significant 
differences between systemic diseases and GCC thickness 
between the groups (Mann-Whitney U test, p>0.05).
GCC thickness was A 51.14±16.77µm, Min 33.00±19.89µm, 
TS 52.85±19.16µm, S 50.18±18.75µm, NS 51.94±21.37µm, 
NI 51.90±19.89µm, I 49.35±16.34µm and TI 52.14±19.44µm 
in group 1. The corresponding values in group 2 were 
50.58±22.72µm, 33.54±25.25µm, 51.28±23.88µm, 
51.06±23.34µm, 50.45±24.47µm, 52.69±23.89µm, 
48.28±22.97µm and 49.36±25.82µm respectively. There were 
no significant differences between the two groups in each 
segment (Mann-Whitney U-test, p>0.05). The GCC thickness 
examination data of the groups are shown in Table 2, Figure 1.
On the other hand, when we evaluated the relationship 
between retinal layer integrity and GCC thickness, the average 
GCC thickness was 48.67±19.23µm, min 29.60±19.25µm, TS 
49.47±21.27µm, S 49.07±20.40µm, NS 48.68±22.72µm, NI 
50.28±21.80µm, I 46.34±18.80µm and TI 48.45±22.43µm in 
grade 1 patients.
GCC thickness was A 56.00±22.60µm, Min 46.66±26.81µm, 
TS 56.33±22.77µm, S 56.50±23.30µm, NS 56.83±22.86µm, NI 
56.33±23.42µm, I 55.33±25.16µm and TI 55.16±23.97µm in 
grade 2 patients. 
GCC thickness was A 61.86±21.17µm, Min 48.26±29.07µm, 
TS 64.23±21.38µm, S 56.76±23.36µm, NS 63.10±23.17µm, NI 
63.13±22.66µm, I 60.13±20.99µm and TI 62.23±22.61µm in 
grade 3 patients.
There were significant differences between GCC thickness 
and grade 1, 2 and 3 patients (Kruskal-Wallis, p=0.015(A), 
p=0.007(Min), p=0.010(TS), p=0.028(S), p=0.021(NS), 
p=0.038(NI), p=0.012(I), p=0.015(TI)). GCC thickness values 
were highest in grade 3 patients. 
At the same time, visual acuity was highest in grade 3 patients. 
The GCC thickness examination data in grade 1, 2, 3 patients 
are shown in Figure 2.

Discussion
Hereditary retinal dystrophy, one of the most common causes 
of genetic blindness, was first described by Donders at the 
beginning of the 1855s. It is possible to classify these group 
diseases according to genetic mutation or inheritance pattern, 
or to classify according to the anatomical localization of the 
primary lesion [7].
Retinal ganglion cells allow visual information produced by 
photoreceptor cells to be transmitted to the brain. Retinal 
ganglion cells are composed of 3 layers; retinal nerve fiber layer 
(RNFL), GCL and inner plexiform layer (IPL). These three layers 
are called GCC [6]. GCC is affected by multiple diseases such 
as glaucoma and macular degeneration, which cause structural 
changes in retina and choroid [8].
In some studies comparing age-related macular degeneration 
(AMD) and RP, it has been shown that although the clinical 
findings of the patients concern the outer retinal layers, there 
are functional and structural changes in the inner retinal layers 
in the later stages of the disease [9], and on the other hand, the 

Table 1. Demographic and ophthalmic examination data of the 
participants

Group 1 Group 2

Participants (n) 27 23

Sex (Male/Female) 15.12 9.14

Age, years (mean±SD) 41.66±19.77 28.00±10.37

Intraocular Pressure, mmHg (mean±SD) 14.22±2.97 13.97±3.63

BVCA (mean±SD) 0.49±0.34 0.31±0.26

Hypertension (%) 3,70% 4,30%

Diabetes Mellitus (%) 3,70% 4,30%

Hypertension and  Diabetes Mellitus (%) 14,80% 0%

Table 2. GCL+IPL Thickness Examination Data of the 
participants.

Ganglion Cell Analysis 
Parameters (GCL+IPL)
(μm, mean±SD)

Group 1
(n=27)

Group 2
(n=23)

p -
Values

Average thickness 51.14±16.77 50.58±22.72 0,66*

Minimum thickness 33.00±19.89 33.54±25.25 0,54*

Temporal-superior thickness 52.85±19.16 51.28±23.88 0,68*

Superior thickness 50.18±18.75 51.06±23.34 0,70*

Nasal-superior thickness 51.94±21.37 50.45±24.47 0,67*

Nasal-inferior thickness 51.90±19.89 52.69±23.89 0,93*

Inferior thickness 49.35±16.34 48.28±22.97 0,49*

Temporal-inferior thickness 52.14±19.44 50.58±22.72 0,36*

Abbreviations: GCL, ganglion cell layer; IPL, inner plexiform layer. * Mann-Whitney U-test

Figure 1. GCL+IPL thickness examination data of the 
participants

Figure 2. GCL+IPL thickness examination data in grade 1, 2, 
3 patients
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GCL is preserved in 50-75% of the eyes, and there is a positive 
correlation between the loss of ganglion cell neurons and the 
level of photoreceptors [10,11].
In some studies on human and animal eyes with retinal 
degeneration, it has been reported that the progression of the 
disease and decreased visual acuity lead to intraretinal and 
photoreceptor layer abnormalities [12-14],  and loss of RGC 
was secondary to dystrophy [15].  
Santos et al. analyzed macular sections of 21 eyes with RP 
and age-matched 19 healthy individuals histopathologically. 
Compared with the control group, there was a significant 
reduction in photoreceptor cell count in RP group. However, 
30% of the GCL was preserved in the severe RP group. The 
results support that current treatment modalities such as retinal 
transplantation and retinal implantation in RP patients require 
ganglion cells preserved after photoreceptor cell death [16]. 
Similarly, in another study by Stone et al., eyes with RP and 
healthy individuals were compared and degeneration in ganglion 
cells secondary to photoreceptor cell death was analyzed by 
evaluating macular sections. Photoreceptor cell count was 
significantly lower in RP group, and transneuronal ganglion cell 
degeneration was observed. This study supports the hypothesis 
that current treatment methods, including stimulation and 
transplantation of photoreceptors aimed to increase visual 
acuity require ganglion cells [17]. 
In our study, there was no difference between the RP and SMD 
patient groups in terms of GCC thickness, but we found that 
the GCC thickness was higher in grade 3 patients where the 
photoreceptor layer integrity was not affected, but it was lower 
in grade 1 patients. At the same time, visual acuity was the 
highest in grade 3 patients.
In some studies, GCC thickness maps were obtained from OCT 
images of glaucomatous patients, and GCC thickness has been 
found to be affected in this group of patients [18]. 
In our study, there was no significant difference between IOP 
and GCC thickness.
Histopathological studies and HD-OCT studies in healthy 
subjects showed a linear relationship between increased age 
and thinning in GCT [19-21]. 
In our study, there was no significant difference between 
GCT+IPL-A, GCT+IPL-min and six sectors and age.
In systemic diseases such as hypertension and diabetes mellitus, 
morphological changes are seen in RGC and may result in visual 
loss accompanying retinopathy development. Tham et al. found 
that GCC is thinner in eyes with hypertensive retinopathy [22]. 
It is thought that the increase of retinal venous tortuosity 
disrupts tissue perfusion and causes degenerative changes in 
ganglion cells.
In our study, there was no significant difference between 
hypertensive and diabetes mellitus and GCC thickness.
In HRD, in which ganglion cell damage occurs after photoreceptor 
cell death, it is aimed to increase the level of vision with current 
treatment methods such as retinal prostheses [23].
It is known that retinal prostheses were developed to increase 
visualization of the inner retinal layers in patients with visual 
loss. For this purpose, there are multiple prosthetic systems 
and their working mechanisms. It is possible to increase visual 
acuity, detect different light patterns, localize objects, localize 

door-window, distinguish light and dark clothes and walk easily 
in pedestrian crossings in patients who have prosthetics [2,24]. 
We know that current treatment methods require the presence 
of the GCL. Although there are animal studies on this subject, 
the lack of adequate human studies limits the applicability of 
these treatments to humans. In the future, large studies are 
needed to investigate the effect of HRD on the ganglion cell 
layer.
Conclusion
This study showed that progressive degeneration and loss of 
function in the outer retinal layers are accompanied by damage 
to the inner retinal layers in patients with RP and SMD.  However, 
some of the ganglion cells are protected after photoreceptor 
cell death, which may  point us to the target tissue for future 
treatment modalities.
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